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Exchange-split interface state at h-BN/Ni(111)
Abstract
The insulator/ferromagnet interface system of hexagonal boron nitride on Ni(111) was investigated with
spin- and angle-resolved inverse photoemission and spin-polarized secondary electron emission. We
identified the theoretically predicted boron nitride (BN) interface state at 1.7 eV above the Fermi level.
The interface state is found to be influenced by the ferromagnetic substrate, which is reflected in a
magnetic exchange splitting of 130±50  meV. Parallel to the surface, it shows a free-electron-like E(k||)
dispersion with an effective mass of 1.1±0.2me. Furthermore, we found a spectral feature at 2.2 eV
above the Fermi level, which we attribute to indirect transitions into a region of high density of
BN-induced states.
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The insulator/ferromagnet interface system of hexagonal boron nitride on Ni(111) was investigated
with spin- and angle-resolved inverse photoemission and spin-polarized secondary electron emission.
We identified the theoretically predicted BN interface state at 1.7 eV above the Fermi level. The
interface state is found to be influenced by the ferromagnetic substrate, which is reflected in a
magnetic exchange splitting of 130± 50meV. Parallel to the surface, it shows a free-electron-like
E(k‖) dispersion with an effective mass of 1.1± 0.2me. Furthermore, we found a spectral feature at
2.2 eV above the Fermi level, which we attribute to indirect transitions into a region of high density
of BN-induced states.
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I. INTRODUCTION
Insulator/ferromagnet interfaces play a major role
in electronic devices for information storage technology
and have, consequently, sparked considerable scientific
interest.[1] The application potential of a device hinges
on characteristic material properties such as the electri-
cal conductivity or the magnetization, which in turn are
determined by the electronic states around the Fermi en-
ergy EF .
A model system is hexagonal boron nitride on the
(111) surface of nickel: h-BN/Ni(111). The electronic
properties of the constituent parts, the (111) surface of
the 3d band ferromagnet nickel [2–8] and the chemi-
cally inert insulator boron nitride (BN) [9–11] have al-
ready been thoroughly explored. h-BN/Ni(111) was fur-
ther employed as a substrate for the investigation of
C60 molecules, because the h-BN layer electronically
decouples the molecules from the substrate.[12] In re-
cent years, various experimental [13–15] and theoreti-
cal studies [16, 17] were performed on the interface h-
BN/Ni(111) to investigate the atomic arrangement as
well as the electronic structure. Auwa¨rter et al. char-
acterized the atomic configuration of h-BN/Ni(111) with
scanning tunnelling microscopy (STM).[13] Their results
agree with calculations by Grad et al. [16] and Huda and
Kleinman:[17] The nitrogen atoms are located directly
on top of the nickel atoms of the outermost layer. The
positions of the boron atoms correspond to the positions
of the 3rd layer nickel atoms.
In addition to the geometric structure, the electronic
band structure E(k‖) was calculated above and below the
Fermi level along the main symmetry directions within
the fcc (111) surface plane. The lowest-lying conduction
band above the Fermi level originating from the BN layer
is called an interface band because its states are localized
between the nickel substrate and the BN overlayer. For
this interface band, Grad et al. predict an energetic posi-
tion between 1.50 eV - 1.76 eV above the Fermi energy at
Γ, a free-electron-like E(k‖) dispersion and an exchange
splitting in the range of 130meV.[16]
Nagashima et al. investigated the occupied band struc-
ture with angle-resolved ultraviolet-photoelectron spec-
troscopy (ARUPS) and the unoccupied electronic states
above the vacuum level with angle-resolved secondary-
electron-emission spectroscopy (ARSEES).[18, 19] The
results of the band structure below the Fermi energy con-
firm the calculations but the lowest conduction band was
found at an energy of 2.7 eV above EF , in contrast to
the theoretical prediction.[16] More recent ARUPS re-
sults for the occupied bands are again in agreement with
the calculations.[16]
The unoccupied part of the band structure between
the Fermi energy and the vacuum level was investigated
with two-photon photoemission (2PPE) by Muntwiler
et al..[20] For the interface state, they determined an
energetic position of 1.51 eV and an effective mass of
0.43±0.1me.
In the present study, our focus of interest is the ex-
change splitting of the unoccupied interface state. There-
fore, we performed angle- and spin-resolved inverse pho-
toemission (IPE) measurements on h-BN/Ni(111). We
determined the energetic position of the interface state,
its E(k‖) dispersion, and its dependence on the electron
spin. For a meaningful interpretation of the data, it was
necessary to carefully characterize the remanent magne-
tization of the Ni(111) substrate with spin-polarized sec-
ondary electron emission (SPSEE). It turned out that the
remanent magnetization equals the saturation magneti-
zation only for temperatures above about 350 to 400K,
2corresponding to a reduced temperature T/TC ≈ 0.6 (TC:
Curie temperature, 631K for bulk nickel). This is a
consequence of the temperature-dependent magnetocrys-
talline anisotropy within the nickel substrate.
II. EXPERIMENTAL
The measurements were carried out in an ultra-
high vacuum (UHV) system at a base pressure below
10−10mbar. The nickel substrate is a hexagon-shaped
picture-frame single crystal with legs along 〈110〉 direc-
tions and a 〈111〉 direction perpendicular to the hexagon
plane.[5] The surface under investigation has a (111) ori-
entation. A self-supporting coil with four turns is wound
around one leg to magnetize the sample via a current
pulse. By doing this, we try to achieve a remanent in-
plane magnetization of the Ni frame along 〈110〉 direc-
tions. Note that, at room temperature, the axis of easy
magnetization in nickel is along 〈111〉. However, no 〈111〉
direction lies in the surface plane of a crystal with (111)
surface orientation. We come back to this point later.
The Ni(111) surface was cleaned by sputter and anneal
cycles using 1.2 keV Ar+ ions and an annealing temper-
ature of 950K. For the preparation of a h-BN overlayer,
the Ni(111) substrate was subsequently heated to 1050K
and borazine vapor (HBNH)3 was introduced into the
chamber via a leak valve. At this high temperature, bo-
razine reacts with the hot Ni(111) surface and one mono-
layer of hexagonal BN is formed on the substrate. A de-
tailed description of the preparation can be found in the
literature.[19]
The quality of the preparation was controlled by mea-
suring the work function Φ with target current spec-
troscopy. Compared with the work function of 5.35 eV for
clean Ni(111), the work function is found to be reduced
by 1.8±0.1eV for the h-BN-covered Ni surface. This is in
good agreement with previous experimental and theoret-
ical values.[16, 20] The long-range crystallographic order
of substrate and overlayer was checked with low-energy
electron diffraction (LEED). In both cases, the LEED
pattern showed sharp diffraction spots of hexagonal or-
der, indicating the crystalline quality of the substrate and
the BN monolayer.
The unoccupied states were investigated by spin-
and angle-resolved inverse photoemission. [5, 21–24]
A GaAs photocathode irradiated by circularly polar-
ized laser light is used as a source for spin-polarized
electrons.[25, 26] The spin polarization of the electron
beam is Pe = 33 ± 3%.[23, 27] The electrons impinge
on the sample with well defined energy, momentum and
spin polarization. Within the sample, they undergo ra-
diative transitions from initial states above the vacuum
level into unoccupied states above the Fermi level. The
emitted photons are detected by Geiger-Mu¨ller counters
in the isochromat mode.[28] The detection energy of the
counters (9.4 eV) is determined by the filling gas iodine,
acting as high-pass filter, and a window of SrF2, acting
as low-pass filter. The width of the energetic bandpass of
the detector and, as a consequence, the mean detection
energy can be varied with the temperature of the SrF2
filter. [28–30] Thus the total energy resolution of the IPE
system, which is determined by the electron energy dis-
tribution and the detector bandpass width, then can be
improved from 0.4 eV to 0.3 eV full width at half maxi-
mum, yet at the cost of reduced count rates. Therefore,
the improved energy resolution was only used in cases,
where additional information can be obtained from high-
resolution measurements. The photons are detected with
two counters GM35 and GM70 at takeoff angles with re-
spect to the incident electron beam of 35◦ and 70◦, re-
spectively. Using two counters with different detection
angles gives us the possibility to investigate the radiation
pattern of a transition. This information allows conclu-
sions about the symmetry character of the participating
states. In the current setup, only GM70 is equipped with
a heatable SrF2 window for improved energy resolution.
IPE spectra display the number of photons detected
at a given electron energy as a function of the energy of
the incoming electrons. The energy scale is referred to
the Fermi level of the sample. In the spin-resolved mode,
two IPE spectra are measured for opposite spin polariza-
tion directions. The measured numbers of counts n↑ and
n↓ for the two different spin polarization directions are
normalized to hypothetical 100% spin polarization of the
incoming beam (N↑, N↓) with the following equation:
N↑,↓ =
n↑ + n↓
2
±
n↑ − n↓
2
1
Peff
. (1)
Peff denotes the effective spin polarization of the incident
electrons. Peff only equals Pe for collinear alignment of
electron spin polarization and sample magnetization. It
may be reduced by two effects: (i) non-normal incidence
of the incoming electrons (angle θ) and (ii) magnetic do-
mains in remanence within the sample with magnetiza-
tion directions non-collinear with the electron spin polar-
ization. Peff is given by
Peff = Pe · cos θ ·Mr/Ms,
where the sample magnetization in remanence and in sat-
uration is denoted by Mr and Ms, respectively.
In order to determine the remanent sample magneti-
zation, we performed measurements with spin-polarized
secondary electron emission. The sample is irradiated
with an electron beam of 3 keV kinetic energy at an angle
of 35◦ with respect to the surface normal. The spin po-
larization of the emitted low-energy secondary electrons
is determined with a 25 keV retarding-field Mott detector
based on the Rice design.[31, 32] A thin gold foil is used
as scatter target. Electron gun and spin polarization de-
tector enclose an angle of 70◦. The lens voltages of the
transfer electron optics are set in such a way that only
electrons with energies lower than 10 eV arrive at the Au
foil.[27] The scattering asymmetry As is measured by a
3pair of channeltrons a and b and is defined by
As =
Na −Nb
Na +Nb
.
The magnetization direction of the sample was reversed
several times during a measurement. Instrumental asym-
metries due to different channeltron sensitivities are
omitted by taking the geometrical mean of the corre-
sponding numbers of counts.[33] The Sherman function
S of our spin polarization detector was determined to
15±3% by measuring the scattering asymmetry As of an
electron beam of known polarization. The spin polar-
ization of the secondary electrons Ps was determined by
using Ps = As/(S · cos 35
◦). The cosine factor takes into
account the non-normal-emission geometry for the sec-
ondary electrons. It was experimentally found that the
polarization Ps of the secondary electrons is proportional
to the magnetization of the sample.[34] Although Ps can-
not be translated quantitatively into a sample magneti-
zation, it gives a measure of the remanent sample mag-
netization as a function of, e.g., the sample temperature.
By this, it provides valuable information about possible
magnetization changes, for example caused by domain
formation due to temperature-dependent changes in the
magneto-crystalline anisotropy. This information is es-
sential for interpreting the spin-resolved IPE data, whose
analysis is usually based on the assumption that the sam-
ple is magnetically saturated in remanence.
III. ENERGY DISPERSION
Figure 1 presents our IPE spectra for normal electron
incidence on uncovered Ni(111) and h-BN/Ni(111). The
spectrum for clean Ni(111) (black dots) shows two dom-
inant peaks. The peak at 0.1 eV above EF originates
from a crystal-induced surface state (SS) and from in-
direct transitions into bulk-like Ni d bands (Bd).[4] The
spectral feature at 4.6 eV is caused by the n = 1 member
of a Rydberg-like series of image-potential surface states
(IS).[3] They are pinned to the vacuum level Evac.[35, 36]
The binding energy of IS defined by the difference be-
tween the vacuum level (Φ=5.35 eV) and the final-state
energy is determined to 0.75 eV, which is in good agree-
ment with previous results.[2, 37]
In the two spectra from h-BN/Ni(111) three structures
are clearly visible: (i) The peak just above EF known
from the clean surface appears with reduced intensity.
(ii) The image-potential surface state shows up at 3.0 eV.
The lower final-state energy compared with the clean sur-
face is mainly caused by the BN-induced work-function
change. The difference in final-state energy of 1.6 eV is
lower than the work-function difference of 1.8 eV between
the clean surface and the h-BN-covered surface. This in-
dicates a by about 0.2 eV reduced binding energy of IS
for the BN-covered surface. For comparison, 2PPE data
point at a change in binding energy of 0.15 eV.[20, 37]
As expected for transitions into image-potential states,
FIG. 1: (color online) Inverse photoemission spectra for nor-
mal electron incidence (θ = 0◦) on uncovered Ni(111) detected
with GM70 (black dots) and on h-BN/Ni(111) detected with
GM35 and GM70 (blue dots). Peak positions are marked by
dashed lines. The spectral features just above EF consist of
contributions from a surface state (SS) and transitions into
bulk d states (Bd). A denotes the spectral intensity originat-
ing from the boron-nitride-induced interface state. ∆ indi-
cates the energy shift of the image-potential surface state IS
between the clean and BN-covered surface.
Inset: Inverse photoemission spectra with improved energy
resolution for h-BN/Ni(111) obtained with GM70. The thin
lines demonstrate the decomposition of the spectrum into two
spectral features A1 and A2 plus background intensity.
the dipolar axis is perpendicular to the surface result-
ing in more intensity in GM70 than in GM35.[38] (iii)
At about 1.8 eV, a new structure A appears in the h-
BN/Ni(111) spectra, which we attribute to the predicted
interface state of the h-BN/Ni(111) system. It is con-
spicuous that the shape and the energetic position of A
differs in the two spectra obtained with different photon
takeoff angles. In the spectrum of GM35, the shape of
A is broader than in the spectrum of GM70, while A ap-
pears with higher intensity in the latter. Furthermore,
the energetic positions of A differ by about 0.1 eV for
the two different detection geometries: 1.75 eV for GM70
4FIG. 2: Inverse photoemission spectra of structure A as a
function of the angle of electron incidence θ. The filled and
open symbols represent our data obtained with GM35 and
GM70, respectively. The spectra are vertically offset for rea-
sons of clarity. Vertical dashed lines mark a final-state energy
of 2.2 eV.
and 1.85 eV for GM35. A straightforward explanation
for the observed behavior is that the structure contains
two transitions in different final states showing different
characteristic radiation patterns.[39] To verify this as-
sumption, we performed IPE measurements (GM70) with
improved energy resolution in the relevant energy range.
The results are shown in the inset of Figure 1. Clearly,
structure A consists of two components A1 at 1.7 eV and
A2 at 2.2 eV. Based on the energetic position, A1 is as-
signed to the expected interface state, while the origin of
A2 is a priori not clear. Former experiments with two-
photon photoemission identified interface-related states
at an energy comparable to A2 but no clear-cut interpre-
tation could be derived from the measurements.[20]
In the following, we present a detailed investigation of
structure A with the objective of extracting the different
contributions of A. We recorded a series of spectra for
varying angles of electron incidence along the ΓK direc-
tion of the crystal, i.e. the [110] direction shown in Fig.
2. The spectra give information about the E(k‖) disper-
sion of the interface state and provide further evidence
FIG. 3: Inverse-photoemission spectra of h-BN/Ni(111) for
θ = 6◦ obtained with GM35 (filled dots) and GM70 (open
dots). The solid black (for GM70) and grey lines (for GM35)
represent decompositions of the spectra into two Gaussian
peaks (left-hand panel) and one Gaussian peak (right-hand
panel) on top of a quadratic background, respectively. The
quality of the fits can be evaluated from the lines through the
data points and the difference between fit and data points
given in the bottom part of the figure.
for the existence of a second feature A2. For example,
in the spectrum for θ = −4◦ taken with GM35, A has a
shoulder above 2 eV. No doubt about two contributions
to A continues to exist on the basis of the spectrum for
θ = 22◦ for GM70, where the two peaks are clearly sepa-
rated.
The angle-resolved results can be understood in terms
of a strongly dispersing and a non-dispersing contribu-
tion, which coincide in energy for certain angles. This
results in an enhanced spectral intensity for these an-
gles. A2, the non-dispersing part, is located at 2.2 eV
as clearly seen for three angles θ = −4◦, 0◦, 22◦ in the
spectra for both counters. A1 disperses to higher ener-
gies with increasing θ. Because of the higher intensity
of A1 compared with A2, the dispersion of A1 is clearly
visible. At angles, where A1 and A2 coincide in energy,
it is difficult to determine exactly their energy positions.
For a careful analysis, we fitted the structure with two
Gaussian peaks on top of a quadratic background for all
angles of electron incidence. The left-hand panel of Fig.
3 shows an example for θ = 6◦ and for both counters. For
reasons of comparison, we fitted the spectrum with only
one Gaussian peak as well, shown in the right-hand panel
of Fig. 3. In the upper part of the figure, we present the
data points, the different contributions to the fit and the
total fit. In the lower part, the difference between fit and
data points is displayed for evaluation of the quality of
the fit. A random scatter of the difference around the
zero line indicates a good fit, while systematic deviations
indicate deficiencies of the fit. It is obvious that two
5FIG. 4: (Color online) E(k‖) dispersion for the BN-induced
states A1 and A2 and the image potential state IS as derived
from the spectra of Fig. 2.
Gaussians are needed for a sufficiently good fit. Based
on this analysis, we conclude that A consists of two con-
tributions. In the same way, we determined the energetic
positions of A1 and A2 for the various angles of electron
incidence with the side condition that, for a given an-
gle, the states appear at the same energies for the two
counters. Needless to say that the error bars are larger
for angles of incidence, where both spectral contributions
are not well separated.
Our results for the BN-induced states A1 and A2 and
the image potential state IS are summarized in Fig. 4
as E(k‖) diagram. A1 and IS exhibit a parabolic free-
electron-like dispersion with effective masses of 1.1 ±
0.2me and 1.2 ± 0.4me, respectively, while A2 shows no
dispersion as a function of k‖. As both the energetic posi-
tion at Γ and the free-electron-like dispersion E(k‖) of A1
agree with the theoretical prediction by Grad et al.,[16]
we identify A1 as the interface state. We have to note
that our result of the effective mass does not agree with
the effective mass of 0.43±0.1me measured by Muntwiler
et al..[20] We can only speculate about the origin of this
difference. In the 2PPE process, three states are involved
(initial, intermediate and final state), whereas only two
states (initial and final state) participate in the IPE pro-
cess. Because of the additional state in 2PPE, various
excitation channels exist and interact. As a consequence
it may prove more difficult to unambiguously assign the
energetic position of an intermediate state.
The feature A2 shows no dispersion. A similar peak at
2.2 eV above EF was observed by means of two-photon
photoemission and was attributed to the second state
of a series of interface states,[20] which have been pre-
dicted from earlier density-functional calculations.[11] In
FIG. 5: (Color online) Spin-polarized secondary electron
emission measurements as a function of the temperature for
clean Ni(111) (black dots) and h-BN/Ni(111) (blue dots).
The solid lines represent the saturation magnetization M(T )
of bulk Ni, described by Weiss’ theory, fitted to the data
points for temperatures above T/TC = 0.6. Room temper-
ature TR is marked by a dashed vertical line.
contrast to the predicted free-electron-like dispersion of
such states, we did not observe any dispersion of the peak
as a function of the momentum parallel to the surface.
Therefore, we tend to assign the observed dispersionless
feature A2 to indirect transitions into a region of high
density of BN-induced states at the K-point correspond-
ing to flat bands at about 2 eV.[16]
IV. MAGNETIC EXCHANGE SPLITTING
After having determined the energy dispersion of the
interface state, we investigated the influence of the ferro-
magnetic substrate by a spin-resolved inverse photoemis-
sion experiment. To get reliable and quantitative results
from spin-polarized electron spectroscopies on ferromag-
nets, an essential requirement has to be met. The angle
between the directions of the electron spin polarization
and sample magnetization has to be well defined. In our
case, the direction of the electron spin polarization is
given by the geometry of the experiment. For measure-
ments with normal electron incidence, our setup is sen-
sitive to one in-plane component of the magnetization.
We need a sample, which is magnetically saturated in re-
manence parallel to the surface plane and collinear with
the electron spin polarization. However, as mentioned
before, the Ni(111) surface contains no axes of easy mag-
netization in the surface plane at room temperature. Yet,
our particular hexagon-shaped single crystal with its in-
dividual history had already been used in former studies
6with a surprising property: It was found to be rema-
nently magnetized in the surface plane in a metastable
one-domain state.[3, 5] Therefore, we were expecting the
same behavior in the present study. We were surprised
to find a significantly smaller spin asymmetry in the IPE
data from clean Ni(111) compared with former results.[3]
To shed more light on this issue, we tested the sur-
face magnetization M as a function of the temperature
by measuring the spin polarization of emitted low-energy
secondary electrons. Our data for the clean Ni(111) sur-
face as well as the BN-covered surface are shown in Fig.
5. With the proportionality P (T ) ∼M(T ) in mind, both
data sets show a typical M(T ) dependence for temper-
atures higher than T/TC = 0.6, yet with reduced abso-
lute values for the BN-covered surface. The solid lines
represent the temperature dependence of the nickel bulk
magnetization, described by Weiss’ theory, fitted to the
respective data sets for temperatures higher than about
T/TC = 0.6. For lower temperatures, the data points
deviate substantially from the expected M(T ) behav-
ior. They even become negative for temperatures be-
low T/TC = 0.4. Qualitatively, the same behavior had
been observed for Ni(001) and explained by the change of
magnetocrystalline anisotropy in Ni at about T/TC = 0.6
from 〈111〉 to 〈110〉 as axes of easy magnetization.[40, 41]
The unexpectedly small spin polarization values for lower
T are a consequence of the formation of magnetic closure
domains in the surface region. The results presented in
Fig. 5 lead us to the following conclusions:
(i) The surface magnetization of Ni(111) and h-
BN/Ni(111) shows qualitatively the same temperature
dependence, yet with absolute values reduced by about
30%. The reduction of spin polarization is caused by ad-
sorption of the nonmagnetic insulating monolayer. On
the one hand, a reduced magnetic moment of Ni at the
BN interface is theoretically espected.[16] On the other
hand, the secondary electrons become depolarized upon
passing the BN layer. No influence of the BN layer on the
magnetic structure within the Ni is detected. Recently,
the isoelectronic system of graphene on Ni(111), was in-
vestigated by SPSEE. Similarly, a 30% reduction of the
spin polarization was detected upon adsorption.[42]
(ii) Our picture-frame single crystal is no longer in a one-
domain state when remanently magnetized. The numer-
ous preparation sputter/anneal cycles presumably helped
to reduce the strain/stress-induced anisotropy respon-
sible for the formerly observed one-domain state in re-
manence. As a consequence, quantitative measurements
with spin-resolved electron spectroscopies have to be per-
formed either at elevated temperatures above T/TC = 0.6
or have to be rescaled on the basis of the P (T ) data in
Fig. 5. Both approaches gave equivalent results.
Spin-resolved inverse-photoemission data for normal
electron incidence on h-BN/Ni(111) at room tempera-
ture obtained with GM70 are presented in Fig. 6. The
photon intensity is plotted as a function of the electron
energy with respect to the Fermi level for two spin ori-
entations either parallel or antiparallel to the magneti-
FIG. 6: (Color online) Spin-resolved inverse-photoemission
spectrum for normal electron incidence on h-BN/Ni(111), de-
tected with GM70. The solid (green) and open (red) triangles
represent the IPE data for majority and minority spin, respec-
tively. The data were obtained at room temperature and the
spin asymmetry was rescaled according to Fig. 5. The solid
lines were obtained from Gaussian line fits to the data. The
spin-dependent peak positions for A are marked by dashed
lines.
zation direction of the sample. This provides access to
minority and majority states within the ferromagnetic
sample. The data have been normalized according to
equation 1, whereas Peff includes the uncomplete rema-
nent surface magnetization as given in Fig. 5. The solid
(open) triangles denote IPE data for majority (minority)
electrons, which means that the spin magnetic moment
of the incoming electrons is parallel (antiparallel) to the
sample magnetization. Compared with the clean surface,
a reduced intensity is observed in both spin channels for
the structure just above EF . The BN-induced feature A
appears at different final-state energies for majority and
minority electrons. It exhibits a clear magnetic exchange
splitting ∆Eex of 130 ± 50 meV. The considerable error
margins reflect the uncertainty in the rescaling factor due
to the large slope around room temperature in the data of
Fig. 5. From Fig. 1 we know that A ist dominated by A1
in the spectrum obtained with GM70. Therefore, ∆Eex
reflects predominantly the exchange splitting of A1.
The value of the exchange splitting is in good agree-
ment with the theoretical prediction of ≈ 130 meV by
Grad et al. [16]. The size of the splitting is compa-
rable with surface-state exchange splittings on clean Ni
surfaces.[4, 5] Our result proves the strong influence of
the ferromagnetic substrate on the interface state. How-
ever, theory expects a reduced magnetic moment for the
outermost Ni layer when covered by BN. As a strong fer-
romagnet, Ni has no empty majority d states. A reduced
magnetic moment may be reflected in majority holes giv-
ing rise to majority intensity just above EF . The inter-
pretation of the observed majority intensity is, however,
not straight forward because, on the clean surface, the
7majority intensity is caused by a crystal-induced surface
state whose whereabout upon adsorption is not clear.
V. SUMMARY
We performed a detailed spin- and angle-
resolved inverse-photoemission study of the insula-
tor/ferromagnet interface system of h-BN/Ni(111).
We identified interface-induced electron states and
determined their energy dispersion as a function of
the momentum parallel to the surface. A theoretically
predicted interface state A1 was detected at 1.7 eV
above the Fermi energy. It shows a free-electron-like
dispersion with an effective mass of 1.1 ± 0.2me. A
second BN-induced structure A2 at 2.2 eV above the
Fermi energy shows no E(k‖) dispersion. We assign A2
to indirect transitions into a region of high density of
BN-induced states at the K-point.
Quantitative measurements with spin resolution are
based on a thorough analysis of the remanent surface
magnetization of Ni(111) as a function of the temperature
by spin-polarized secondary electron emission. Our data
confirm a temperature-dependent change of the magneto-
crystalline anisotropy of bulk nickel. As a consequence,
magnetic surface domains are formed in remanence for
temperatures below T/TC = 0.6. Our results reveal a
magnetic exchange splitting of 130± 50meV for the BN-
induced interface state. The size of the splitting reveals
a strong influence of the ferromagnetic substrate on the
interface state.
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